Chemical reactions of CO gas with copper(I)-tetrachloroaluminate(III)-aromatic hydrocarbon solutions, namely COSORBsolutions, were investigated from the viewpoint of equilibrium and kinetics. The equilibrium and the non-equilibrium amounts of COdissolved into COSORB solutions were measured by using a batchwise gas-liquid contactor. Equilibrium properties such as COgas solubility constants or CO-complex stability constants for various solvent solutions were determined from the experimental data with the aid of the optimization technique. The solubility of COdecreased with temperature as well as with concentration of CuAlCl4. The stability constants were influenced by the^-electron releasing ability of the aromatic hydrocarbon molecule. A rational reaction mechanism is proposed to explain the non-equilibrium rate data obtained experimentally. The reaction followed a unimolecular substitution mechanism and was determined to be exothermic. The COcomplex stability constant calculated from the optimumrate constant was in good agreement with the results of the equilibrium experiments.
Introduction
The development of an excellent method of separation and purification of COgas is a matter of great urgency in Cx chemistry processes which utilize CO as a starting material for the production of many kinds of chemicals. There are manywell-knownmethodsto separate COfromgaseousmixtures such as cryogenic separation^and the ammoniacalcopper liquor process.6) These processes, however, are not attractive for Q chemistry because they cannot produce high-purity COgas economically from refinery or metal furnace off-gas streams.
However, the COSORBprocess1 2), which is based on the selective and reversible complexation of CO with CuAlCl4 in an aromatic hydrocarbon solvent, and has a substantial capital advantage over other competing processes, since it produces high-purity COgas under practical operating conditions.
Regarding the COSORB process, Turner et al9) clarified the crystal structure of C6H6CuAlCl4 by Xray diffraction techniques. Hirai et al.4 ) studied the resistance of polystyrene additive against water, which deactivates COSORB solution irreversibly. Since this process is not well understood, however, we investigated the reaction of COgas and COSORB solution from the viewpoint of equilibrium and kinetics.
By using equilibrium data, the CO gas solubility constant and CO-complex stability constant were determined. The resulting properties are discussed from the viewpoint of the electronic theory of organic compounds.
A rational reaction mechanism is also proposed to explain the rate data obtained experimentally.
Experimental
The apparatus used to measure the equilibrium and the rate of reaction was a modification of Loprest's apparatus7} and is shown schematically in Fig. 1 . The characteristic feature of the apparatus is its ability to easily change the partial pressure of COin the flask.
COSORB solutions were prepared by dissolving CuCl and A1C13 into an aromatic hydrocarbon solvent and then homogenized by stirring for several hours in a mixing flask. All chemicals used were reagent grade and aromatic solvents were thoroughly dehydrated with sodium sulfate before use. All these procedures were done in a dry box. After being degassed by boiling, the prepared solutions were Fig. 1 . Schematic diagram of experimental apparatus stored in a burette.
CO gas from a cylinder was passed through a packed bed of silica gel and a packed bed of activated alumina to remove any traces of water, and then mixed with dry nitrogen. The gas mixture obtained was subsequently saturated with aromatic hydrocarbon solvent vapor. Finally, the gas was introduced to a gas-liquid contactor flask. After the flask was filled with the prepared gas, a fixed amount of solution was introduced to the flask by mercury overflow. During the reaction period the liquid was agitated by a magnetic stirrer to maintain perfect mixing.
By measuring the small pressure change in the gasliquid contactor with a manometeror pressure sensor, the reaction could be followed with the aid of the following mass balance equation:
Experimental conditions are listed in 
By assuming Henry's law at the gas-liquid interface and also uniform concentration in the liquid and gas phases, the following relation for the CO molecule can be set up between the gas and liquid phases.
[CO]=H PCO
Mass balance relations of each species in the liquid phase are given as follows.*1
Thus, an explicit expression for the total concentration of COin the liquid phase can be derived from Eqs. (3) to (7): Figure 3 shows the effect of total CuAlCl4 concentration on the uptake capability at 303K when benzene or toluene is used as a solvent. It can be seen that the uptake capability is approximately proportional to total concentration of CuAlCl4. Figure 4 shows the effect of temperature on the COuptake capability. Here, the solvent is toluene and the total concentration of CuAlCl4 is 100mol/m3. It can be seen that the uptake capability decreases with temperature. The gas solubility constant in the COSORB soution is greatest when the solvent is benzene and imallest when the solvent is o-xylene. This order is the same for the complex stability constant. The results for Kcan be explained on the basis of the ionization potential of each solvent. The values are also shown in Either of the above equations can be rewritten as follows:
where a are defined as Eqs. (16) and (17) Experimentally, [Ar-X] can be obtained from AP by using the following mass balance relation:
Reaction time t should be proportional to Y ofEq. (19), provided that the reaction proceeds by SN1 or SN2 type mechanism. COgas solubility constant and CO-complex stability constant were obtained for various solvent solutions by an optimization technique. The solubility of CO decrease with temperature and with total concentration of CuAlCl4. The complex stability constant was influenced by the 71-electron releasing ability of the aromatic hydrocarbon molecule. The reaction followed a unimolecular substitution mechanism and was determined to be exothermic.
The CO-complex stability constant was in good agreement with the results obtained in equilibrium experiments.
Appendix
Derivation of Eqs. (13) and (14). For an isothermal, constant-volume batch gas-liquid contactor, the rate of reaction ofArà"Xand X for SN1type mechanism can be written as follows:
Applying the quasi-steady state hypothesis to the intermediate, X,gives Further, mass balance requirement for species X gives the following relation. Finally, substituting Eq. (A-7) into Eq. (A-6) yields Eq. (13) for a unimolecularsubstitution reaction mechanism. For a bimolecular substitution reaction mechanism, the rates of reaction of Arà"Xand Arà"Xà"CO are given as follows: -9) Applying the quasi-steady state hypothesis to the intermediate, 2) Haase, D. J.: Chemical Engineering, 82, Aug., 52 (1975) .
Introduction
Electrochemical treatments of waste water containing organic compoundsare classified into two groups: direct oxidation on the anode and indirect oxidation using an oxidizing agent, hypochlorite2) or hydrogen peroxide, which is produced by electrolysis.5)
Hydrogen peroxide is produced through electroreduction of oxygen on the cathode.7'8) In our previous paper,9) the oxidative degradation of aqueous phenol effluent with electrogenerated Fenton's reagent in a catholyte compartmentseparated by a membranein an H-type cell was reported. In the ideal case, both anodic oxidation and cathodic reduction in an undivided cell may be useful for oxidative degradation. Received July 30, 1987 . Correspondence concerning this article should be addressed to M. Sudoh. T. Kodera is now at Nippon Steel Corp. Ltd., Tokai 476. 198 In the present work, a divided bipolar electrolyzer having a vertical stack of perforated graphite electrodes is used experimentally to clarify the effect of both electrode reactions on total current efficiency for the oxidative degradation of phenol. The current-voltage curves of the electrolysis in solutions containing different reactants are analyzed by use of an equivalent circuit model of a bipolar electrolyzer.
The current corresponding to separate electrode reaction on the anodic or cathodic side of a bipolar plate is determined and the contribution of the currents connected with the oxidative degradation to the total current is discussed.
Experimental
The bipolar electrolyzer shown in Fig. 1 , similar to the previous one,6) was an acrylic cylindrical column 46mm in inner diameter and 420mm in height. As
